Cognitive radio (CR) is a novel technology to resolve the issue of underutilization of wireless spectrum. Quality of service (QoS) provisioning in CR networks to large number of traffic as per their need is not an easy task since no wireless spectrum is available on permanent basis for its operation. In this paper, few critical QoS parameters namely dynamic-availability-ofidle-channels (avail-idle-channel), expected-holding-time-of-idle-channel (HT-idle-channel) and user-mobility are chosen to analyze their impact over quality of service of the communicating cognitive users using rule-based fuzzy decision-making system. The results indicate the relationship of chosen parameters over the QoS of the communicating cognitive users.
Introduction
The spectrum is a range of electromagnetic radiations that enables wireless communication and is managed by government. Day by day, the number of new wireless users and applications are increasing at a very rapid pace and particularly last decade has seen tremendous growth of both. Wireless users worldwide have reached 3.2 billion and were predicted to increase by 100 folds by 2013 1 . New applications demand additional allocation of spectrum which is not available and has created artificial scarcity of new allocation of spectrum. The first utilization survey reported that the allocated spectrum remained idle most of the time 2 and is also function of geographical location and time.
The critical functions of cognitive radio are as under:
Spectrum Sensing
Spectrum sensing is the important function of the CR. CR uses the function of spectrum sensing of radio environment to detect the spectrum channels not in use at that time known as spectrum hole and use those idle channels for its transmission. The sensing operation should also have the ability to detect the presence of the PU accurately when the later starts its communication again 3 . The sensing duration is a critical parameter 4, 5 and depends upon the wireless channel characteristics 6, 7, 8 .
Spectrum Management
Spectrum management helps in acquiring the best idle hole for the transmission of CR among large number of available holes found through the operation of sensing. Based on the availability of the spectrum, the suitable hole is allocated to the CR.
Spectrum Mobility
Spectrum mobility is referred as changing the frequency band during data transmission due to presence of PU on that band. The CR has to switch to another idle hole which is not used by the PU at that time in order to continue its transmission 9 . As soon as the PU needs the current frequency band, the CR has to terminate its transmission and free the presently occupied hole for the PU functioning 10 .
Spectrum Sharing
Spectrum sharing is an important functionality of CR as it coordinates the traffic between CRs and PUs. It is a challenging task as it requires high degree of cooperation, understanding and coordination between the two.
Over the last decade, the development of wireless communication technology has shown exponential increase and wireless services have evolved from traditional voice service to a wide range of multimedia services. The bandwidth requirement varies from application to application. Hence, providing QoS to these applications as per their need of bandwidth is a critical and challenging task. QoS is the performance level of a service offered by the network to the user in order to achieve deterministic behavior by proper utilization of the network resources. The meaning of QoS changes as per the requirements of the application field. ISO 9000 defined QoS as "the degree to which a set of inherent characteristics fulfils requirements". ITU-T 11,12 defined QoS as "the collective effect of service performance which determines the degree of satisfaction of a user of the service". IETF 13 considers QoS as "the ability to segment traffic or differentiate between traffic types in order to enable the network to treat certain traffic flows differently from others". The authors of 14 identified three types of QoS such as Intrinsic QoS, Perceived QoS and Assessed QoS. Intrinsic QoS depends on the performance of the network and is described in terms of objective parameters such as delay, jitter, loss etc. Perceived QoS is the quality perceived by the users and is measured by their average opinion. Assessed QoS refers to the willingness of the users to continue the use of the specific service. In this paper, we have introduced a new QoS parameter known as expected-holding-time-of-idle-channel (HT-idle-channel). HT-idle-channel is the average idle time period of the channel that can be utilized by CR for its communication before primary user needs that for its transmission. If HT-idle-channel is large, that indicates considerable amount of time is available for CR's communication before necessity of handoff. It is assumed that HT-idle-channeldata is available either provided by spectrum server 15 or computed by CR itself. Application of fuzzy logic in communication networks offers effective solution when the available information is vague and imprecise. Fuzzy logic found some applications in CR network for transmitting power control 16 and for optimization 17 . It was applied in CR for controlling the spectrum access 18, 19 and spectrum handoff 20, 21, 22 . The authors of 23, 24, 25 have studied the impact of some of critical parameters over QoS in CR.
Materials and Methods
In this paper, fuzzy rule-based algorithm is presented that analyzes the impact of three critical parameters namely availability-of-idle-channels (avail-idlechannel), expected-holding-time-of-idle-channel (HT-idle-channel) and user-mobility over the QoS in cognitive radio. We have used Hong and Rappaport traffic model 26, 27 for user-mobility. The model is based on following assumptions: When a call is initiated, it is assumed that users are uniformly distributed within the cell.
Before initiation of the call, users can move in any direction but after call is initiated users only move in one direction.
The arrival rate of handoff calls is given 26, 27 as
P h : gives probability of at least one morehandoff is required without call is being blocked. P hh : gives probability of the requirement of one more handoff. B o : gives probability of new calls being blocked. P f ' : gives probability of unsuccessful handoff. λo : gives the arrival rate new calls in a cell.
Fuzzy decision-making system has three inputs Fig. 1(b) fuzzy-set(user-mobility) = {low, medium, high} ... (3) and QoS is defined by fuzzy sub-sets represented by poor, average, good, very-good and excellent, as shown in (4) The proposed algorithm in this paper is analyzed using trapezoidal membership functions for inputs and the output defined by bounded values between [0,1]. Fuzzy decision-making system contains 27 rules in its rule-base shown by Table 1 . The fuzzy rules are so designed to combine different combinations of the three contradictory inputs in order to predict the QoS level of the communicating channels. For instance, rule 1 demonstrates that if avail-idle-channel is large, HT-idle-channel is large and user-mobility is low, then the quality of the communicating channel is excellent. This is translated into the scenario in which large number of idle spectrum channels is found through spectrum sensing operation, these idle channels can be used for transmission of CR for long time without the necessity of handoff and the user is walking slowly or is at stationary position. The QoS of the communication channel is very good that easily satisfies QoS of the communicating cognitive users. Rule 27 demonstrates that if avail-idle-channel is low, HT-idle-channel is low and user-mobility is high, then the quality of the communicating channel is poor. This is translated into the scenario in which small number of idle spectrum channels is available for communication of cognitive users, the available small number of idle channels can be used only for short period of time due to reappearance of PU that forces handoff and the user is moving with very high speed ≥ 100 Kms/Hr. As a result, the QoS of the communication channel is not good and does not satisfy the QoS of the communicating cognitive users. Also rule 18 demonstrates that if avail-idlechannel is medium, HT-idle-channel is low and usermobility is high, then the QoS of the communicating channel is average. This is translated into scenario in which sufficient number of idle spectrum channels are available for communication of cognitive users, the available number of idle channels can only be used for short period of time due to reappearance of PU that forces handoff and the user is moving with very high speed > 100 Kms/Hr. The QoS of the communicating cognitive users is at threshold level and is just sufficient to satisfy QoS need of the cognitive users. The decision of fuzzy decisionmaking system for input values such as avail-idlechannel= 0.5 (mid-value), HT-idle-channel= 0.5 (mid-value), user-mobility = 0.5 (mid-value) is 0.5 as shown in Fig. 2 . 
Results and Discussions
The proposed rule-based fuzzy algorithm is analyzed in fuzzy-logic toolbox for static data transfers. The fuzzy decision-making system analyzes the dependence of avail-idle-channel, HT-idle-channel and user-mobility over the QoS of the communicating cognitive users as revealed by Fig.3, Fig.4 and Fig.5 . During analysis, the other two parameters are kept fixed at their mid-values (i.e. =0.5). Fig.3 revealed that as the number of avail-idle-channel increases i.e idle channels, the QoS of communicating cognitive users increases at fixed mid-values of HT-idle-channel and user-mobility during analysis. Fig. 4 revealed that as the HT-idle-channel increases i.e. usage time of the channel to be used for communication of cognitive users increase, the QoS of communicating cognitive users increase at fixed mid values of availidle-channel and user-mobility during analysis. Fig.  5 revealed that as user-mobility increases i.e. the speed of the user goes on increasing, the QoS of communicating cognitive users decrease at fixed mid-values of HT-idle-channel and avail-idle-channel during analysis. Fig. 7 and Fig. 8 reveal the simultaneous dependence of HT-idle-channel and avail-idlechannel, user-mobility and avail-idle-channel, and user-mobility and HT-idle-channel over the QoS of the communicating cognitive users. During analysis, the other parameter is kept fixed at mid-value (i.e. = 0.5). The analytical results revealed that as the avail-idle-channel and HT-idle-channel increases, the QoS of the communicating cognitive users also increases at fixed mid-value of user speed as shown by Fig. 6 and the maximum value of QoS is attained among communicating cognitive users when the HT-idle-channel and avail-idle-channel are at their largest values. Fig. 7 reveals that as the avail-idlechannel increases and speed of the cognitive user decreases, the QoS of the communicating cognitive users increases at fixed mid-value of HT-idle-channel and the maximum value of QoS is attained among communicating cognitive users when the avail-idlechannel is at its largest value and the user remains stationary or moves with very low speed. Fig. 8 reveals that as the HT-idle-channel increases and the speed of the cognitive user decreases, the QoS of the communicating cognitive users increase at fixed mid-value of avail-idle-channel and the maximum value of QoS is attained among communicating cognitive users when the HT-idle-channel is at largest value and the user remains stationary or moves with very low speed. 
Conclusion
The rule-based fuzzy algorithm presented in this paper analyzed the impact of some parameters over QoS of communicating cognitive users. The presented algorithm is being analyzed in fuzzy toolbox of Matlab. The results reveal the dependence of these parameters over QoS in cognitive radio networks. 
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